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Few studies have assessed the rate of completion of dental treatment with the adjunctive use of conscious sedation. In a study of 265 children receiving dental treatment using inhalation sedation (IHS) and local anaesthesia, Blain and Hill (1998) reported an overall completion rate of 84%. 5 Wood (2011) in a prospective study of 114 children using intra-nasal sedation (INS) reported a completion rate of 91%. 6 Manley et al. (2008) reported a completion rate of nearly 92% based on a combination of intra-nasal sedation (INS) and intravenous sedation (IVS) in 222 sedation episodes. 7 In the literature there are various reports on the incidence of adverse events in sedation. 8, 9, 10 However, closer analysis reveals that the majority of these events were not related to the practice of conscious sedation, as defined in the UK. [1] [2] [3] [4] 
AIM
The primary aim of this audit was to assess current practice within the group comprising the general dental services (GDS), community dental services (CDS) and hospital dental services (HDS) in relation to the safety and predictability of dental treatment with the aid of conscious sedation. A secondary aim was to
INTRODUCTION
Conscious sedation is defined as 'a technique in which the use of a drug or drugs produces a state of depression of the central nervous system enabling treatment to be carried out, but during which verbal contact with the patient is maintained throughout the period of sedation. The drugs and techniques used to provide conscious sedation for dental treatment should carry a margin of safety wide enough to render loss of consciousness unlikely. ' This definition is accepted by the Standing Dental Advisory Committee (SDAC), 1 the Scottish Dental Clinical Effectiveness Programme (SDCEP), 2 the Dental Sedation Teachers Group (DSTG) 3 and the Department of Health. 4 Introduction There are no previously published reports of audits in conscious sedation from a group comprising the general dental services (GDS), community dental services (CDS) and hospital dental services (HDS). Aim The main aim of this audit was to assess current practice within the group in relation to the safety and predictability of dental treatment undertaken with the aid of conscious sedation. Methods A total of nine centres collected data prospectively on 1,037 sedation episodes over the course of one year. Audit standards were locally agreed based on current evidence and local experience. They were set at a completion rate of 90% and an adverse incident rate of 2% or less. Results Based on the data collected, a completion rate of 92% and a minor adverse incident rate of 2.6% were recorded. Conclusions The participating centres met the standards set locally for this audit. Current practice in the participating centres was found to be safe and predictable. The audit tool is being refined to improve the quality of data collection. Further research and service evaluation is recommended.
establish a network of sedation practitioners across the dental services in South and West Wales to facilitate research and clinical governance. Through this process, it was proposed to establish a baseline of current practice in relation to conscious sedation in South and West Wales. This would also help to inform commissioners on the safety and efficacy of conscious sedation in dentistry.
METHODS
The audit followed the cycle of setting a standard, collecting data regarding current practice, comparing current practice against the standard and implementing changes where needed.
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A preliminary meeting was arranged to discuss the setting up of a network. This was coordinated by one sedation practitioner (AM). Practitioners who were known to undertake conscious sedation in the GDS, CDS and HDS were invited to the preliminary meeting. Discussion among the initial group suggested the need to establish a baseline of current practice prospectively. Other practitioners who had not been identified initially were also invited to join the network by phone, email and personal contact. A total of nine centres agreed to participate in this audit.
A literature search was conducted using Medline, OVID, and Google Scholar. This identified previous audits and research studies to provide comparative standards for completion rate for dental treatment with conscious sedation. 5, 6, 7 The standard for completion rate for this audit was set at 90%.
Good quality research studies on the safety of midazolam are very limited and usually focus on clinical efficacy rather than patient safety. A standard of an adverse incident rate not exceeding 2% was therefore agreed locally, based on the collective experience of the group.
Each practitioner filled out the data sheet at the time of the corresponding appointment for treatment with sedation. All types of sedation were included for the purpose of this audit. It was assumed that the patient's medical history and dental treatment plan had already been checked during the initial assessment appointment. Therefore, this information was not recorded in the spreadsheet. A prototype of a data collection spreadsheet was made available to the members of the network by the coordinator. Individual practitioners adapted it for local use, when needed.
The following categories were mandatory for inclusion in the results: Some practitioners already had their own spreadsheets for data collection as part of their local clinical governance arrangements. The members of the network had the choice to use their own spreadsheets, as long as the required data could be collected. The coordinator (AM) communicated with the members of the network regularly to ensure data collection. A deadline was set for one year for the analysis of the preliminary data. A second meeting was held in the early part of the data collection phase, in order to identify any issues noted by the participants. A third meeting was held on completion of the audit to discuss any issues with the data collection.
Individual results were anonymised in the final collective analysis and identified by a code or origin. The identity of the individual results was known only to two authors -the coordinator (AM) and the quality and audit officer (JM). Individual results were made available only to the respective practitioners and not to the whole group. For the purpose of this prospective audit, the focus was on safety and predictability.
All nine centres submitted their data for analysis. Data were analysed by one of the authors (JM) from the Quality and Audit Department at Cardiff and Vale University Health Board.
RESULTS
Data were collected from each of the nine centres for a total of 1,037 sedation episodes over one year.
Distribution of sedation activity across the dental services
The distribution of the sedation episodes is illustrated on Table 1 . Overall, the group consisted of two hospital centres; one of which was a teaching hospital. In addition, there was one GDS centre which had a contract with the Local Health Board to provide sedation services. The remaining centres were within the CDS. The majority of the treatment (52%) was undertaken within the CDS (544 sedation episodes). A total of 392 sedation episodes (38%) were undertaken in the two HDS centres; while the remaining 101 sedation episodes (10%) were undertaken in the single GDS centre (see Table 1 and Fig. 1 ).
Age range
In general, the GDS and CDS treated a younger group of patients than the HDS. The age range of patients treated in the CDS centres was 5-79 years, with an average of 23 years and a median of 18 years. The age range of patients treated in the HDS centres was 11-79 years, with an average of 35 years and a median of 32 years (Fig. 2 ).
Sex
Overall, a total of 609 patients treated were female (59%), while 427 were male (41%). One centre had a nearly equal distribution of males and females (see Fig. 3 ).
ASA grades
The majority of patients treated in the GDS (93) were in ASA 1 category (92%), with the remainder (8) belonging to ASA 2 category. Similarly, most patients treated in the CDS were in ASA 1 (59%) and ASA 2 (39%) categories. In contrast, 11% (42) of the patients in the HDS centres belonged to ASA 3 category. However, the majority were in ASA 1 (63%) and ASA 2 (25%) categories (Fig. 4) .
Type of sedation
Overall, IHS comprised 68% and IVS comprised 32% of the sedation techniques used in the GDS. Similarly, IHS comprised 60% and IVS comprised 28% of the sedation techniques used in the CDS.
The majority (61%) of the sedation type in the HDS centres were IVS (n = 238). IVS was used in combination with IHS, oral sedation (OS) or transmucosal/intranasal (TMS) in many cases (Fig. 5 ). However, it was not possible to ascertain these numbers due to the inflexibility of the software in one centre to allow two values to be entered for a single patient in this category.
Completion of planned episode of treatment
All centres offered the full range of treatment including restorative treatment. This was confirmed with all the service providers.
In the GDS centre, 100 (99%) planned episodes of treatment were completed, while one (1%) was not. In the CDS, a total of 525 planned episodes of treatment were completed (96.5%); while 16 could not be completed (3%). Three episodes were not specified (0.5%). Among the HDS centres, 344 (88%) planned episodes of treatment were completed, while 44 (12%) were not. One (0.3%) result was unspecified (Fig. 5) .
Overall, the range of completion rate for all nine centres was 86% to 100%, with a mean of 92%.
Adverse incidents
Information regarding adverse incidents was recorded as free comment by individual participating centres. No adverse incidents were reported from the GDS clinic. A total of 35 adverse incidents were reported from the CDS clinics (6%). The HDS clinics reported a total of five adverse incidents (1.3%) (see Fig. 6 ). Some centres, however, were unable to record details regarding adverse incidents due to difficulties in entering information into their databases set up by their IT departments. Overall, the range of adverse incidents for all nine centres was 1.2% to 13%, with a mean of 2.6%. This exceeded the standard of 2% set for this audit. However, a closer examination of the adverse incidents revealed several that were inappropriate for inclusion. This is explored further in the Discussion.
Fasting
Patients in the GDS and CDS centres did not fast before the sedation episodes. In the HDS centres, 2-10% of patients fasted. The routine advice to patients at both HDS centres was to eat a light meal up to two hours before the sedation appointment. However, some patients who were obese were advised to fast. Centres 5 and 7 did not record this data.
DISCUSSION
A network of sedation practitioners comprising the GDS, CDS and HDS was formed in South and West Wales. This multi-centre prospective audit aimed to compare the safety and predictability of dental treatment with conscious sedation. Through this process, it was proposed to establish a baseline of current practice in relation to conscious sedation and facilitate clinical governance.
The reason for providing sedation was not recorded as part of this audit. However, anecdotally, the vast majority of patients treated required sedation to manage fear/anxiety in relation to dental treatment. Results from a large telephone survey conducted by Goodwin and Pretty (2011) comprising 12,002 interviews concluded that one of the top reasons for non-attendance for dental treatment was fear/anxiety. It is estimated that sedation need could rise to 6.9% of the population, if extended to include nonattending patients with high levels of anxiety. 12 The IOSN 13 (Index of Sedation Need) has been developed and validated as an assessment tool. This potentially could aid decision making and referral management. In addition, it could be used by commissioners in order to plan, commission and deliver appropriate sedation services.
The dentists who contributed to this multi-centre regional audit wanted to be proactive about maintaining standards in the practice of conscious sedation in dentistry. The preliminary aim of this particular network was to facilitate clinical governance among practitioners of conscious sedation in dentistry in South and West Wales, primarily by participation in multi-centre regional audit. 'Clinical governance' describes the structures, processes and culture needed to ensure that healthcare organisations and all individuals within them can assure the quality of care they provide and are continuously seeking to improve it. 14 Managed clinical networks (MCNs) are currently being developed in Wales as part of the special care dentistry implementation plan. 15 Similar networks could be used to enable multi-centre audits, service evaluation and research in the future. A recent editorial in the Journal of Disability and Oral Health exhorted the need for research driven by such local networks:
'there is an urgent need to develop research skills within the dental team working at the sharp end. One way of doing this in the short term might be to develop local research networks supported by research mentors and regional research All practitioners in this audit already collected data of their own sedation activity as part of their individual clinical governance. However, as with any voluntary reporting system, the data is subject to bias. Interpretation of the data should therefore be undertaken with caution.
Distribution of sedation activity across the dental services
Few studies have investigated the availability of sedation services in dental practice in the UK. 17, 18 A questionnaire survey of primary care dentists in Wales in 2006 reported that only 12% provided some form of sedation. 19 In the current audit, the majority (52%) of dental treatment with conscious sedation was undertaken in the CDS. Interestingly, nearly 10% was undertaken in a single GDS practice that had a sedation contract with the local health board. Unfortunately, despite efforts at the start of the survey to identify and contact all sedation practitioners in the area, some could not be identified at the start of this audit, and therefore did not contribute. In future audits participating audit members should facilitate knowledge of local sedation practitioners commissioned through their health boards.
Age range
The CDS generally treated patients of a younger age group, reflecting the patient population distribution within this service.
An ageing population maintaining their natural dentition is reflected by the inclusion in the upper end of the age distribution (79 years) in this audit. Interestingly, 38 (3.6%) patients were aged 60 years or above; 26 (2.5%) of these patients received IVS. Only 8 patients were aged 70 years or above in the overall figures. All patients in the 70+ age group were treated with IHS only.
A total of 13 patients (1.2%) of the over 60 years age group were treated in the CDS; 8 patients were treated with IVS. This could be interpreted as another reflection of the patient demographic and treatment provision in the CDS or it may reflect local policy in relation to older people.
Sex
There were 1.4 times more female patients than male in the current audit. This is in keeping with the findings of Pretty et al. (2011) that females were 4 times more likely than males to be anxious in relation to dental treatment and 6 times more likely than males to need sedation. 20 
ASA grades
Patients in ASA grade 3 should be referred to an appropriate secondary care unit. 1, 2 The practitioners in this dataset were compliant with this recommendation. Nearly all patients of ASA 3 grade were treated in the Hospital Dental Services.
Type of sedation
NICE guideline 112 recommends the use of nitrous oxide or midazolam for a child or young person who cannot tolerate a dental procedure with local anaesthesia alone. 21 As the GDS and CDS treat the majority of patients in these age groups, IHS would appear to have been appropriately used for most patients in this group. Additionally, patients in the over 70 year age group were treated with IHS only. This could be a reflection of the caution exercised by operators due to the potential for increased morbidity in the older age groups.
Future surveys should aim to correct deficiencies in data collection so that combination techniques or multiple drug techniques can be recorded accurately.
Completion rate
Interestingly, some practitioners in the group interpreted 'completion' as completion of a course of treatment; and therefore may have given a lower completion rate. A more accurate description for completion rate should have been the completion of a planned treatment, for that particular treatment episode.
In the GDS centre, 100 (99%) episodes of planned treatment were completed. Assessments and treatments in this centre were undertaken by a single general dental practitioner (GDP), possibly indicating the advantages of maintaining continuity and rapport with patients. In other centres where assessments and treatments may be undertaken by multiple practitioners, poorer completion rates may be evident.
The data from this audit suggests that in 8% of patients, the planned episode of treatment could not be undertaken with conscious sedation. However, within the limitations of this audit, it was not possible to infer if other forms of sedation were used subsequently or with a more experienced operator; or if general anaesthesia (GA) was used.
Guidelines from the General Dental Council (2000), the Department of Health 
Adverse incidents
No attempt was made within the network to define an adverse event or classify its seriousness before the audit. The NPSA classifies harm as 'No harm', 'Low harm', 'Moderate harm', 'Severe harm' and 'Death' (see Table 2 ). One incident that was related to local anaesthesia and not to the sedation may be regarded as 'moderate harm' based on this classification: 'patient had facial palsy with drooping lip on RHS. Unable to close Rt eyelid after injection -decided to stop and refer for assessment' .
No attempt was made to define desaturation before the audit. Desaturation would appear to have been defined differently in various publications. Wood (2011) described desaturation as a 5% drop from baseline 6 while, Manley and colleagues (2010) have used a criterion of the oxygen saturation being repeated below 90% to define desaturation. 7 A retrospective study by Viljoen (2011) of oxygen saturation in 3,500 cases of sedation carried out by a single operator sedationist in a dental private practice setting, reported 25 oxygen desaturation readings out of a total of 3,500. 24 Oxygen desaturation was defined as any pulse oximeter reading less than 94%. However, patients were administered a combination of midazolam and fentanyl with or without additional propofol. This would be considered an alternative sedation technique in dentistry in the UK. 25 The NPSA Rapid Response report (2008) on reducing the risk of overdose with midazolam injections in adults provides examples of incidents related to sedation ranging from 'deep sedation' where the patient was not arousable, to death. 26 However, it does not specifically refer to oxygen saturation readings.
The paediatric research consortium reported on adverse events in the USA (2006). 27 Serious adverse events were rare in the institutions involved in the study; there were no deaths. Cardiopulmonary resuscitation was required once. Less serious events were more common with O 2 desaturation below 90% for >30 seconds, occurring 157 times per 10,000 sedations. Stridor and laryngospasm both occurred in 4.3 times per 10,000 sedations. reported on a critical incident analysis of 95 adverse sedation events in children in the USA. 28 They categorised adverse events broadly as 'death', 'permanent neurological injury', 'prolonged hospitalisation without injury' and 'no harm' . Sixty of these resulted in death or permanent neurological injury. They also investigated the medications associated with adverse events finding association with drug overdose, combinations and interactions. 29 A Cochrane review of sedation of children undergoing dental treatment (2012) 30 commented that:
'It was apparent while carrying out this review that there were significant differences in techniques and drugs used between countries and regions. Studies can be loosely grouped into two types, those based on a "North American" model of sedation and those based on a more "European" model. The North American model was typified by use of multiple agents (including adjunctive nitrous oxide) at any age, the use of restraint and intent to induce a deeper level of sedation. The European model was typified by use of single agents (typically nitrous oxide or midazolam) with intent to induce lighter levels of sedation. This is most likely due to cultural and legal differences and needs to be considered when making recommendations for the most effective methods of conscious sedation. ' One of the learning points from this preliminary audit was the urgent need within the network to define an 'adverse event' and to classify its seriousness for clinical governance. The NPSA classification of harm may merit further research in the field of conscious sedation.
Fasting
Fasting was not defined for the purpose of this audit. None of the centres routinely advocated fasting before sedation. This is in keeping with the SDCEP guidance document. 2 However, one centre advocated fasting for obese patients. Other patients, including those with an exaggerated gag reflex chose to fast. The issue of fasting requires further consideration in future audits and studies. 
No harm
Impact prevented: any patient safety incident that had the potential to cause harm but was prevented, resulting in no harm to the person(s) receiving NHS-funded care.
Impact not prevented: any patient safety incident that ran to completion but no harm occurred to the person(s) receiving NHS-funded care.
Low harm
Any patient safety incident that required extra observation or minor treatment, and caused minimal harm to the person(s) receiving NHS-funded care.
Moderate harm
Any patient safety incident that resulted in a moderate increase in treatment, and which caused significant but not permanent harm to the person(s) receiving NHS-funded care.
Severe harm
Any patient safety incident that resulted in permanent harm to the person(s) receiving NHS-funded care.
Death
Any patient safety incident that directly resulted in the death of the person(s) receiving NHS-funded care.
Costs
Detailed cost analysis comparing sedation and general anaesthesia are available. 31 These would suggest that provided minimum success rates are reached, then sedation, particularly in primary care by an operator sedationist costs less than general anaesthesia. NICE estimates the potential annual savings from using sedation, instead of general anaesthesia at £22.5 million per year. The completion rate in this audit would support the continued use of conscious sedation based on a costbenefit analysis.
Predictability of treatment and consent
The Department of Health outlines 12 key points of consent. 32 The completion rate of dental treatment with conscious sedation can be a useful measure of predictability. Safety and predictability of a treatment form part of the discussion in relation to consent. This multi-centre audit supported both the safety and predictability of conscious sedation in relation to dental treatment in a variety of care settings.
Limitations of this multi-centre audit
The main limitations of this audit were:
• Limited dataset -not all sedation practitioners took part • Lack of uniform training for data collection and entry -some of the data was collected by various practitioners including undergraduate and post graduate students • Operational and logistic issues -both paper based and computer system were used • Computers were not always accessible and some data entry systems were not user friendly.
One of the recommendations of the Welsh Dental Committee's report on special care dentistry in Wales is that 'appropriate IT systems should be developed for monitoring service provision and clinical governance ' . 33 This is reiterated in the Welsh Assembly Government's Special Care Dentistry Implementation Plan: 'a common approach to data collection and defined processes to enable the transfer of essential information between organisations should be established to ensure patient needs are met.' 15 
CONCLUSION
Conscious sedation had a completion rate of 92% and a minor adverse incident rate of 2.6% in this multi-centre prospective audit. Completion of planned treatment is a good proxy for success of a technique. After all, the goal of treatment with conscious sedation is not determined by the quality of sedation, even though some studies dwell on this aspect of treatment.
Even though this audit was about conscious sedation, other techniques such as cognitive behavioural therapy (CBT), hypnosis and behaviour management also provide excellent results, depending on the patient's level of anxiety and the practitioners' skills. 34 The group recommended the following, after a post-audit review meeting:
• Develop standardised data collection methods and software • Define 'critical incident' and categorise adverse events in conscious sedation • Repeat audit with refined audit tool including IOSN.
Large scale audits give an overview of clinical governance in relation to a variety of care settings; however, they cannot provide the details that would be derived from a well-planned research strategy. The audit demonstrated that conscious sedation was safe and predictable, provided patients were assessed adequately and that guidelines were followed.
